Abstract. Air pollution is an important threat to human health. Atmospheric particulate matters (PM), as one of the major air pollutants, have received increasing attentions in previous studies. Longtime exposure to PM especially the ultrafine particulate matters (UPM) smaller than 0.1 micrometers which can go directly to the alveoli of the lungs, has become a major health hazard. In this study, we investigated UPM pollution to analyze its source, composition and distribution characteristics of UPM in ambient air. We also summarized the existing detection technologies for UPM and analyzed their advantages and disadvantages. This study will provide a theoretical reference for environmental air protection and pollution control in China.
Introduction
With the rapid development of industrial economy in China, air pollution has been paid more and more attention. From Feb 20 to Feb 26 in 2014, some atmospheric monitoring sites in Beijing, China showed that the hourly concentration of PM 2.5 exceeded 550 ug/m 3 , reaching the upper limit of the air quality index. After that, similar problems occured in several important industrial cities in China. Particulate matters (PM) in the air mainly refers to particles with aerodynamic diameter of less than 100μm, namely total suspended particulate (TSP). Among them, PM with particle size of less than 10μm is named "respirable particulate matter" or "floating dust (PM 10 )", that of less than 2.5μm and 1.0μm are named "PM 2.5 " and "PM 1.0 " respectively, and ultrafine particulate matters (UPM) with particle size below 0.1μm are called "PM 0.1 ". Smaller size of PM means greater likelihood of serious impacts on the environment and human health. At present, few literatures of UPM was reported, which limits the understanding of the distribution and behavioral characteristics of UPM in the air, as well as its impacts on health.
In this study, we collected the existing research results of UPM, and systematically analyzed its source and environmental distribution characteristics in the air. In addition, its detection technologies were summarized to compare and analyze their advantages and disadvantages. This study will provide a theoretical reference for environmental air protection and pollution control in China.
Sources of UPM
UPM in the atmosphere has natural and artificial sources. Natural sources include volcanic eruptions, sandstorms, forest and grassland fires, plants and marine sprays, and so on. According to the emission characteristics of UPM, anthropogenic sources of pollution can be divided into indoor sources and outdoor sources. Outdoor sources mainly include transportation exhaust emissions, combustion reactions, dust and so on, and indoor sources include kitchen cooking, cigarette burning and so on.
Motor vehicle exhaust is the main outdoor source of UPM, especially in urban. Coals burning is another important source of UPM, it was found that the particles with size of less than 0.49μm accounts for more than 80% of the total discharged particles released by coals combustion [1] . It is worth to know that, at present, thermal power generation and residential heating are still dependent on coals burning in many cities and rural areas around the world.
Cooking is one of the most important indoor sources of UPM [2] . The major pollutant released by cooking of gas stove, is UPM with particle size ranged from 0.01 to 0.3μm [3] . Cigarette burning is another major source of indoor UPM [4] , where the concentration peak of UPM are mainly distributed in the range of 0.0475~0.0663 mm and 0.0856~0.1005 mm [5] .
Composition and Distribution of UPM
Composition, concentration and particle size distribution of UPM in different regions were mainly controlled by its emission sources, and meanwhile influenced by natural conditions such as rainfall, snowfall and strong winds.
The main components of UPM in the atmosphere are carbon and water, followed by SO 4 2-, NH 4 + , NO 3 -, Na, Ca, oxalic acid salt, Fe, Cl -, methyl sulfonate, K, Zn, Al, B, Mg, K, Ni, succinic acid salt, V, Cu, Pb, Ba, Ti, Mn, Se, Co, Sb, As, Mo, Sr, Ag, Cd, Rb, Li, Bi, Tl and Th. The chemical composition of UPM is mainly affected by urban traffic emission and industrial activities. Studies showed that the metal content of UPM in urban atmospheric samples was higher than in rural areas [6] .
A growing number of studies confirmed that UPM was the major component of TSP in the atmosphere, and its particle size distribution is mainly influenced by traffic condition and photochemical process. Under normal traffic conditions, the concentration of UPM in the surrounding atmosphere of road showed the characteristics of bimodal distribution, where its peak particle size are 0.0225μm and 0.113μm respectively [7] . In addition, due to the peak of light intensity and O 3 content at midday, the peak of morning and evening may be caused by the concentration emission of fine particulates in traffic source, and the peak of midday of UPM is affected by traffic pollution and photochemical process [8] .
Detection Technologies of UPM
At present, the method of number concentration of particulate matters mainly includes the chemical microporous membrane microscope counting method and the light scattering type particle counter.
The above method is difficult to achieve the detection accuracy of UPM and real-time effect is poor. In addition, these traditional filter collection methods have low capture efficiency. Therefore, analysis methods of UPM concentration is mainly real-time detection technologies, using Electrical Low Pressure Impactor (ELPI) and ELPI+, Scanning Mobility Particle Sizer (SMPS), Wide-Range Particle Spectrometer (WPS), Micro-Orifice Uniform Deposition Impactor (MOUDI) and other equipment. ELPI bases on the principle of equivalent aerodynamic mass particle size to measure the aerosol particles. The principle uses the method of impact by used the aerosol particles charged to sample in multi-level, and collect different particle size in each level, detect the signal values of instantaneous and size distribution and concentration of particle at all levels. ELPI+ is an upgrade based on ELPI, particles with smaller particle size can be detected.
The principle of SMPS is based on physics that using the Differential Mobility Analyzer (DMA) for electrostatic classification, and then the classification of aerosol particles condensation count. The method does not depend on the refractive index of particles or liquids, so it has good accuracy and high repeatability of measurement.
WPS works in the same way as SMPS, but it has fewer channels in the UPM range than SMPS and has a low scale resolution. WPS is mainly composed of Differential Mobility Analyzer (DMA), Condensation particle counter (CPC) and Laser Particle Spectrometer (LPS). The work principle of DMA is using dynamic electric field to classify particles of different particle size, and then determine the number concentration and spectral distribution of particulate matters by condensation counting of aerosol particles by CPC. LPS measures particle size by scattering light intensity of individual particles. WPS combines the above technologies, and it can quickly get the information of distribution of size less than 10µm particles in the environment. In the 0.5~10µm range of detection, WPS uses the principle of measuring the scattering intensity of a single particle, but the refractive index is artificially set, there is a certain error [9] . MOUDI is a particle acquisition device based on the aerodynamic diameter. MOUDI uses inertia to collect atmospheric particles in multiple stages. But in terms of particle size accuracy, the smaller the particle size, the more easily the distortion. Compared with the detect results by WPS found: the minimum particle-size-level correlation is poor within the detectable particle size range, and the other levels are well correlated, the difference may be derived from the rebound effect of particulate matters [10] . Based on principles and applications of the above detection technologies, the main technical parameters for detecting UPM concentration are compared and analyzed, which is listed in table 1. 
Summary
This study systematically summarized the source, chemical composition and particle size distribution characteristics of UPM in the air. Focusing on the comparative analysis of current detection technology and advantages and disadvantages of UPM and found that:
(1) UPM are the main component of TSP in environment air, and its chemical composition and particle size distribution are significantly influenced by traffic emission sources, photochemical processes and weather conditions; (2) For UPM detection technologies, UPM, ELPI and SMPS have the characteristics of high detection accuracy, strong real-time and wide applicability, which shows good application foreground.
At present, studies on UPM mainly focuses on the characteristics of particle size distribution and composition related to outdoor traffic exhaust and industrial activities in China, and lacks understanding of the environmental behavior of UPM in indoor air. In the future studies, we need to conduct a more profound and systematic study on the environmental behavior of UPM in the air, in order to provide theoretical and technical support for environmental air pollution control and protection.
